
Table 1. Colony-stimulating factors and their receptors 



Full name 


Abbreviation 


Gene name 


Other names 


Macrophage colony-stimulating factor 


M-CSF 


CSF1 


La ni mosti m 


Granulocyte/macrophage colony-stimulating factor 


GM-CSF 


CSF2 


Molgramostim, sargramostim 


Granulocyte colony-stimulating factor 


G-CSF 


CSF3 


Filgrastim, lenograstim, pluripoietin 


Interi eukin-3 


IL-3 


IL3 


Multi-CSF 


Macrophage colony-stimulating factor receptor 


M-CSFR 


CSF1R 


CD1 15, c-fms 


Granulocyte/macrophage colony-stimulating factor 
receptor, alpha 


GM-CSFRa 


CSF2RA 


CD116 


Granulocyte/macrophage colony-stimulating factor/ 
i n te ri eukin-3 /in ter leu kin-5 receptor, beta 


GM-CSFRpc 


CSF2RB 


CD131, IL3RB, IL5RB 


Granulocyte colony-stimulating factor receptor 


G-CSFR 


CSF3R 


CD1 14 


lnterleukin-3 receptor, alpha 


IL-3Ra 


IL3RA 


CD123 





Summary 

• Natural-killer (NK) cells are important components of the innate immune system. 
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FIGURE 2-9 Hematopoiesis. The development of the different lineages of blood cells is depicted in this "hematopoietic tree." Also shown 
are the principal cytokines that drive the maturation of different lineages. The development of lymphocytes forming the common lymphoid precursor 
is described later in this chapter and in Figure 8-2, Chapter 8. SCF, stem celi factor; Flt3L, Flt3 ligand; G-CSF, granulocyte colony-stimulating factor; 
GM-CSF, granulocyte-macrophage colony-stimulating factor; HIV", negative for lineage-specific markers; M-CSF, macrophage colony-stimulating factor. 



TABLE 2-4 Hematopoietic Cytokines 


Cytokine 


Size 


Principal Cellular Sources 


Principal Cellular Targets 


Principal Celi 
Populations Induced 


Stem celi factor (c-Kit 

1 1 n o n H 1 

1 1 g a li a i 


24 kD 


Bone marrowstromal cells 


Hematopoietic stem cells 


Ali 


lnterleukin-7 (IL-7) 


25 kD 


Fibroblasts, bone marrow stromal 
cells 


Immature lymphoid 
progenitors 


B and T lymphocytes 


lnterleukin-3(IL-3) 


20-26 kD 


T cells 


Immature progenitors 


Ali 


Granulocyte-monocyte 
colony-stimulating factor 
(GM-CSF) 


18-22 kD 


T cells, macrophages, endothelial 
cells, fibroblasts 


Immature and committed 
myeloid progenitors, 
mature macrophages 


Granulocytes and 
monocytes, macrophage 
activation 


Monocyte colony-stimulating 
factor (M-CSF) 


Dimer of 70-90 kD; 
40-kD subunits 


Macrophages, endothelial cells, 
bone marrow cells, fibroblasts 


Committed progenitors 


Monocytes 


Granulocyte colony- 
stimulating factor (G-CSF) 


19 kD 


Macrophages, fibroblasts, 
endothelial cells 


Committed granulocyte 
progenitors 


Granulocytes 







AB C 




GM-CSF (C) M-CSF, CSF-1 can be a humoral factor and the product of many tissues or a 

membrane-displayed factor on locai stromal cells. 



Table 1 

Cytokines and HGF that influence the production and differentiation of 
haematopoietic stem and progenitor cells [2]. 



Interleukins (IL) 
IL-1 to IL- 18 

Colony stimulating 
factors (CSFs) 
Granulocyte macrophage 
(GM)-CSF 

G-CSF 
MCSF 

Eosinophil (Eos)-CSF (IL-5) 

Multi-CSF(IL-3) 
Erythropoietin (EPO) 
Thrombopoietin (TPO) 
Tumor necrosis factors (TNFs) 
TNF-a 

TNF-(3 (lymphotoxin) 
Interferons (IFNs) 
IFN-a 
IFN-0 
IFN-7 



Transforming growth factors (TGF) 
TGF-a 
TGF-P 

Co-stimulating molecules binding 
to ty rosine kinase receptors 
Steel factor (stem celi factor (SCF), 
c-kit ligand, mast celi growth 
factor (MGF)) 
FLT3/Flk-2 ligand (FLT3-L) 
Vascular endothelial celi growth 
factor (VEGF) 

Macrophage stimulating protein 
(MSP) 



TGF-like molecules 

Activin 

Inhibin 
Iron binding proteins 

Macrophage inflammatory protein-1( 



Table 3.3 Sources and in vitro actions of haemopoietic growth factors 



Factor 



Sources 



In vitro effects 



IL-3 



GM-CSF 



G-CSF 



M-CSF 



IL-5 
EPO 



T-lymphocytes 



T-lymphocytes, mono- 
cytes/macrophages, 
fìbroblasts, endothelial 
cells 

Monocytes/macrophages, 
fìbroblasts, endothelial 
cells 

Monocytes/macrophages, 
fìbroblasts 

T-lymphocytes 

Kidney 



Stimulates proliferation of early granulo- 
cyte, macrophage, erythrocyte and 



megakaryocyte progenitors. Activates 
monocytes and macrophages 



Stimulates proliferation of granulocyte, 
macrophage (erythrocyte and megakary- 



ocyte) precursors. Activates mac- 
rophages, neutrophils, and eosinophils 



.Sfimiilatps nrnlifemtirm nf prannlnr 



ytp 



colonies. Activates mature granulocytes 



Weakly stimulates growth of mono- 

cyte/macrophage colonies. Activates ma- 
ture monocytes 



Stimulates growth of eosinophil colonies. 



Activates mature eosinophils 



Stimulates growth of erythroid and 
megakaryocytic colonies 



M-CSF receptor GM-CSF receptor G-CSF receptor 




Figure 1 1 The structures of CSF receptors. Schematic representation of the receptors 
for macrophage colony-stimulating factor (M-CSF), granulocyte/macrophage CSF 
(GM-CSF) and granulocyte CSF (G-CSF), showing subunits and some structural elements. 
The M-CSF receptor (CSF1R; also known as FMS) is a homodimeric type III receptor 
tyrosine kinase; the GM-CSF receptor (CSF2R) consists of a unique oc-chain and a 
common (3-chain (p c ), through which signalling occurs; and the structure of the G-CSF 
receptor (CSF3R) istypicalof the type I cytokine receptor family (adapted from 
REFS 18,21). The intracellular signalling pathways that can interact with the cytoplasmic 
regions are not shown (see main text). FBN III domain, fibronectin type III domain. 



able 1 

AK-STAT signaling by the four-helix bundlc cytokines* 



.igands 


JAKs 


STATs 


FN family 






IFN-I (type I)t 


Jakl.Tyk2 


Stati, Stat2, Stats3, Stat4 (Stats5-6) 


IFN-7 (type II) 


Jakl,Jak2 


Stati 


IFN-I (IL-28a,b,-29) 


Jak1,Tyk2 


Stati, Stat2, Stat3 


IL-10 


Jakl,Tyk2 


Stat3, Stati 


IL-19 


Jakl,Jak2 


Stat3, Stati 


IL-20 


Jak1,Jak2 


Stat3, Stati 


IL-ZZ V IL-1 Ir ; 


jak i, lyKz 


stat i, btatl, (btaij) 


IL-z4 (mela/) 


ili i ^, i ,n 
Jakl, Jakz 


Stati, Stati 


IL-26 (AK155) 


11-1 T*. . 1 . 1 

Jakl,Tyk2 


Stat3, Stati 


;pl30 family 






IL-6 


Jakl.(Jak2) 


Stat3, Stati 


IL-ll 


Jakl 


Stat3, Stati 


LIF 


Jakl.(Jak2) 


Stat3, Stati 


CNTF 


Jakl,(Jak2) 


Stat3, Stati 


C\£IC\ F§ 


Uk1 fl^k?ì 

Jcllx 1, ^ JclIxZ. J 


Stat3 SMf1 


NP 


Jakl,(Jak2) 


Stat3 


CT-l 


Jakl,(Jak2) 


Stat3 


OSM 


Jakl,(Jak2) 


Stat3, Stati 


Il -31 


fak1 fjak21 


Stat3 StvirS Sr^rl 


G-CSF 


Jakl,Qak2) 


Stat3 


Leptin 


jaK2 


MatJ 


IL-12 (p35 + p40) 


Tyk2,Jak2 


Stat4 


IL-23(pl9 + p40) 


Tyk2,Jak2 


Stat3,Stat4, Stati 


IL-27 # (p28 + EBI3) 


Jak2 


Stati, Stat3, Stat4, (Stat5) 


IL-35(p35 + EBI3) 







yC family 
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Jakl,Jak3 


Stat5, (Stat3) 


IL-7 


Jakl,Jak3 
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Stat5 
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Stat5, Stat3 
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Genetic and biochemical studies havc determined that four-helix bundle cytokines 
transduce their signals through specific JAKs and STATs. Assignments with the high- 
est level of confidence are shown in bold. Those with less confidence are shown in 
plain lettering, and those with the least confidence are shown in brackets. 

t In humans this family consists of 12 IFN-ots, IFN-p.oj and Limitili. 

§ a.k.a.NNT-l/BSF-3. 

* IL-30 is the p28 subunit of IL-27. 

1 Bind to related, but 7C independent receptors. 

x Several Interleukins are not members of this family (e.g., IL-1, IL-8, IL-14, IL-16, 
IL-17, IL-18, IL-25, IL-32, IL-33, IL-34). 



Figure 7 Hemopoietic celi survival is regulated by exogenous concentrations of GM-CSF 





Figure 4. The importance of a hematopoietic cytokine such as G-CSF can be 
validated in several ways. (A) By injecting G-CSF to elevate neutrophil levels and 
(B) by deleting the gene, a procedure resulting in low neutrophil levels and poor 
neutrophil responses to challenge infections. 







TABLE 


25.15] 


Phenotypes of Mice Deficient in Type 1 and Type II Cytokines, Their Receptors, JAKs and STATs (Coni) 



1 



Epo, Tpo, G-CSF, and M-CSF 




Epo 716 


Embryonic lethal. Complete block of fetal liver erythropoiesis, resulting in severe anemia, yet normal 




development of BFI-E and CFU-E progenitor cells. 


i- r>717 

EpoR'" 


Same as Epo-deficient mice. 


TpoR 718 


Decreased megakaryocytes and platelets, but other hematopoietic cells are present in normal numbers. 


G-CSF 719 


Neutropenia and impaired neutrophil mobility. Diminished granulocytes and macrophage precursors. 


M-CSF 720 - 721 


Osteopetrosis, absence of teeth. Females are infertile, suggesting an unexpected role for M-CSF. 


M-CSF + G M-CSF 721 


A combination of defects of both M-CSF and GM-CSF, with osteopetrosis and alveolar proteinosis. Early 




dealth of pneumonia. 
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Figure 5 The major biologie actions of G-CSF. Endogenous G-CSF acts primarily on neutrophils and 
neutrophil progenitore. In addition to inducing neutrophil production and mobilizing bone- marrow 
neutrophils and stem cells into the blood, administered G-CSF can also act upon monocytes, dendritic 
cells and endothelial cells. a Administered G-CSF might also act on T cells either directly. or indirectly via 
G-CSF effeets on monocytes and dendritic cells. 58 Abbrevi ations: G-CSR granulocyte colony-stimulating 
factor; T H 2, type 2 T-helper celi; T REG? regulatory T cell. 
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Figure 2 | The main functions of GM-CSF and M-CSF. The main overlapping and non- 
overlapping in vitro and in vivo functions of granulocyte/macrophage colony-stimulating 
factor (GM-CSF) and macrophage CSF (M-CSF) in the steady state and during 
inflammation are shown. In vitro, in addition to the different effects of GM-CSF and M-CSF 
on immature rnyeloid precursor cells, GM-CSF can promote the survival and activation of 
macrophages, neutrophils and eosinophils, as well as dendritic-cell maturation, whereas 
the more specific M-CSF promotes the survival, proliferation, differentiation and possibly 
activation of the macrophage lineage only. Data from GM-CSF-deficient or Csfl op/op mice, 
respectively, indicate that in the steady state GM-CSF, although restricted in expression, is 
cruciai for the maturation of alveolar macrophages and invariant naturai killer T (iNKT) 
cells, whereas the constitutively expressed M-CSF is essential for the maintenance of 
several macrophage-lineage populations that are indispensable for tissue integrity. Upon 
systemic administration or when the levels of these CSFs are increased, for example 
during inflammation or in response to infection, the CSFs can mimic their in vitro effects 
but also mobilize rnyeloid populations and their precursors into the blood, as well as 
precursor populations from other lineages (not shown). Csfl op/op mice, osteopetrotic mice 
with a deficiency in several macrophage populations including osteoclasts due to an 
inactivating mutation in M-CSF (also known as CSF1). 




Figure 1. CSF-1 receptor signaling and blockade 
strategies. CSF-1 and IL- 34 bind to the extracellular 
domain of the CSF-1 R to induce dimerization and ty- 
rosine kinase (TK)-mediated autophosphorylation of cy- 
toplasmic tyrosine residues, leading to a cascade of 
intracellular signals, which regulate the production, sur- 
vival, and function of macrophages. To date, no alterna- 
tive receptor for IL-34 has been identified. Disruptìon of 
the CSF-1/CSF-1 R axis can be achieved using neutraliz- 
ing anti-CSF-1 mAbs or antì-CSF-1R mAbs (the latter 
can block binding of either CSF-1 or IL-34 or both 
cytokines) or inhibìtion of CSF-1 R tyrosine kinase using 
small-molecule TK inhibitors. 
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PROLIFERAI K)N DIFFERENTIATION SURVIVAL 




The yin-yang nature of CSFIR-binding cytokines 

Teresa Zelante & Paola Ricciardi-Castagnoli 

Most myeloid cells express the growth-factor receptor CSF1R. Recognition of interleukin 34 by CSF1R is required 
for the development of tissue-resident Langerhans cells and microglia, which explains the independence of their 
growth from CSF1. 




Development Development 



Figure 1 IL-34-dependent development of LCs and microglia. IL-34 is expressed in the skin and is 
produced by keratinocytes (a), as well as in the brain (b), where it is released by neurons. The higher 
expression of IL-34 than of CSF1 in those tissues triggers activation of CSF1R, which promotes the 
development of both LCs and microglial cells in particular. Deficiency in IL-34 leadsto complete 
loss of both celi types with loss of their functions. A.Y.W. Wong provided help with figure preparation 
(Singapore Immunology Network). 
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TRENDS in Immunology 



Figure 1. Model for granulocyte-macrophage-colony stimulating factor (GM-CSF)- and M-CSF-mediated control of macrophage and dendritic celi (DC) numbers and 
phenotype. In tissues, at steady state GM-CSF controis development of alveolar macrophages [1], an intestinal lamina propria DC population [25] and CD103 + dermal DCs 
[26]; M-CSF (CSF-1) controis macrophage populations, such as peritoneal macrophages and Kupffercells [1,73,74], and possibly specific DC subsets [3,25]; and interleukin 
(IL)-34 controis the locai development of epidermal Langerhans cells (LCs) and microglia [78]. M-CSF might also regulate monocyte development in the blood, that is, the 
'classical' Ly6C hl to 'nonclassical' Ly6C'° transition in mice [72-74] (Ly6C hl monocytes are derived from granulocyte macrophage progenitore (GMP) in the bone marrow). 
The precise relation between blood monocyte subpopulations and tissue macrophage phenotypes or activation (polarìzation) states during the perpetuation and resolution 
of an inflammatory reaction is controversial. During inflammation, the Ly6C hl monocyte subpopulation tends to be the population that migrates into inflamed tissues; 
endogenous GM-CSF can be required for mobilization of this subpopulation from the bone marrow [17]. It is possible that both GM-CSF and M-CSF can increase 
macrophage numbers locally on account of their pro-survival and/or even mitogenic activities, thereby contributing to lesion progression, that is, there will be more cells 
present capable of involvement in the inflamed tissue [14,15]. Based mainly on In w'éto data, the macrophage phenotypes that develop in response to GM-CSF and M-CSF 
vary and the CSFs may even compete with each other, possibly through activation of interferon regulatory factor (IRF)5 and IRF4, respectively [42,82]. GM-CSF is depicted as 
inducing a proinflammatory, DC-like phenotype (GM-Mac or monocyte-derived DCs) with M-CSF favoring over time the development of a resolving or anti-inflammatory 
phenotype (M-Mac) as an attempt to restore homeostasis [45]. However, this particular GM-CSF role has recently been questioned [3]. 
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Figure 3 | Macrophage-driven inflammation: a state of 'M-CSF resistance' or 
compromised M-CSF-receptor signalling. It is proposed that many macrophage 
populations in various tissues are normally exposed to sufficient levels of tissue-derived 
macrophage colony-stimulating factor (M-CSF) to maintain them in an 'M2-like' 
polarized state 7 * 27 , with a relatively compromised ability to produce pro-inflammatory 
mediators. During inflammation, autoimmunity and/or infection, exposure of 
macrophages to increasing concentrations of pro-inflammatory stimuli, such as 
granulocyte/macrophage CSF (CM-CSF), interferon-y(IFNy) and lipopolysaccharide 
(LPS), overcomes this M-CSF-driven polarization by interfering with M-CSF signalling 
such that expression of certain pro-inflammatory molecules — shown here as tumour- 
necrosis factor (Tn/), interleukin-23 (1123) and 1/12 mRNA expression — is increased, 
leading to a pro-inflammatory ('Ml-like') state 7,27 ; this pro-inflammatory polarization 
would be increased if a macrophage is exposed to less M-CSF but, conversely, would be 
decreased if the macrophage is exposed to more M-CSF In other words, at least at the 
level of the macrophage lineage, inflammation can be viewed as a state of 'M-CSF 
resistance' or compromised M-CSF-receptor signalling. This hypothesis also proposes 
that when the levels of pro-inflammatory stimuli wane, M-CSF at the reaction site will 
assist in the resolution of the lesion by favouring the M2-like macrophage phenotype. In 
addition, administration of M-CSF would favour this phenotype. 
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FIG. 27-2. Probable cellular events during a transient infection of the tissues. 
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Figure 2. Proposed granulocyte-macrophage-colony stimulating factor (GM-CSF)- and G-CSF-dependent cytokine networks. Activation of macrophages/dendritic cells 
(DCs), for example, by pattern-associated molecular pattern molecules (PAMPs) or damage-associated molecular pattern molecules (DAMPs), can produce 
proinflammatory cytokines, such as interìeukin (IL)-1, or tumor necrosis factor (TNF), which in turn can stimulate the production of GM-CSF and G-CSF from resident 
tissue celi populations, for example, endothelial, epithelial, and fibroblast [1,14]. Macrophages and DCs can also be a source of proinflammatory cytokines, such as IL-23, 
IL-6, and IL-1, which can promote T helper (Th)17 celi development, leading to GM-CSF production [19-22,40,41]; Th1 cells are another source of GM-CSF [20]. In a positive 
feedback loop, GM-CSF can act on macrophages and DCs to promote celi survival/proliferation and amplification of the activated state (Figure 1) [1,14,19]. A potential 
autocrine interaction between GM-CSF and activated macrophages/DCs is also shown [1,14]. G-CSF production can also be induced by IL-17, in a pathway proposed to 
govern granulopoiesis as part of the inflammatory response [103,104]. 



POTENZIALI APPLICAZIONI CLINICHE DEI CSF 



- Ridurre l'effetto della tossicità midollare da chemioterapia antineoplastica 
e radioterapia 

- Favorire l'attecchimento di midollo osseo trapiantato 

- Incrementare i granulociti in corso di anemia aplastica 

- Trattare neutropenie congenite (es. Sindrome di Costman) e acquisite 
(da farmaci, radiazioni ecc.) 

- Incrementare le funzioni di difesa in pazienti a rischio (pazienti chirurgici, 
ustionati gravi) 



Tabie 2. Potential therapeutìc uses of haemopoietic growth factors 








Growth factor* 






Pntpntial anniicatinn 


EPO 

mm* \J 


IL-3 

Ila W 


GM-CSF 


G-CSF 

Vii w wl 


M-CSF 

IVI N^wl 


Primary biood disorders 












Abnormai celi production 












Myelodysplastic syndrome (MDS) 


+ 


+ 








Fatture of ceti production 












Apiastic anaemia 


_ 




+ 


+ 




Neutropenias 


— 


• 


+ 


+ 




Anaemias 




? 

• 


mm 


— 


— 


Thrombocytopenias 


+ 




+ 


+ 


— 


Secondary disorders 












Viral/Tungal 


+ 






+ 




Bacterial 


— 




+ 


+ 




Cytotoxic 


+ 


+ 








Renai faiiure 


+ 










Therapy 










? 
• 


Chemotherapy 


+ 




+ 


+ 


Bone-marrow transplantation 






+ 


+ 


? 


Peripheral blood celi transplantation 






7 


+ 


? 

• 


Differentiation treatment of leukaemias 






? 


7 


• 


Trauma 






? 


1 


? 


4 (+) signifies that ciinical studies have been performed; (?) suggests a possible use. 



Table 5. 10: Putative disorders of cellular sig mailing in leukemias 



Leukemia type 



Possible molecular basis 



Acute myeloid leukemia 



Autocrine stimulation by inappropriately 
expressed IL-3 or GM-CSF 

Loss of part of chromosome 5 carrying genes for 
several hematopoietic growth factors (perhaps 
allowing action of mutant forms of these factors 
expressed from the homologous chromosome) 



Adult T-cell leukemia 

Non-Hodgkin's T-cell leukemia 

Human T-cell leukemia; virus- 
induced leukemia 

Lymphomas induced by 
Epstein-Barr virus; myelomas 



Constitutive expression of IL-2 receptor and/or 
loss of dependence on IL-2 for proliferation 

Autocrine stimulation by IL-2 
Autocrine stimulation by IL-4 



Autocrine stimulation by IL-6. 



Table 1. Clinical trials targeting GM-CSF and M-CSF. 



Target 


Molecule 


Type a 


Company 


Indication 


Phase 


Trial 


GM-CSF 


MORI 03 


Ab 


MorphoSys AG 


RA 
MS 


i/n 

i 


NCT01 023256, 
NCT01 517282 


GM-CSF 


MT-203 


Ab 


Takeda Nycomed/Amgen 
(formerly Micromet) 


RA 


i 


NCT01317797 


GM-CSF 


KB003 


Ab 


KaloBios Pharmaceutical 


RA 


ii 


NCT00995449 


GM-CSF 


MORAb-022 


Ab 


Morphotek/Eisai 


RA 


i 


NCT01 357759 


GM-CSFR 


Mavrilimumab 
(CAM-3001) 


Ab 


Medlmmune 


RA 


ii 


NCT01 050998 




M-CSF 


PD 0360324 


Ab 


Pfizer 


CLE 


i 


NCT01470313 


M-CSF-R 


AMG-820 


Ab 


Amgen 


Canee r 


i 


NCT01 444404 


M-CSFR 


IMC-CS4 


Ab 


ImClone/Eli Lilly 


Cancer 


i 


NCT01 346358 


M-CSFR 


PLX5622 


Chemical 


Plexxikon/Daiichi Sankyo 


RA 


i 


NCT01 329991 


M-CSFR 


ARRY-382 


Chemical 


Array BioPharma 


Cancer 
Metastasis 


i 
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a Abbrevi atìon: Ab, antibody. 
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Figure 5. The confusing nature of some hematopoietic cytokines as illustrateci 
by LIF. LIF was isolated as a factor active in suppressing a myeloid leukemic celi line. 
However, it has obvious additional actions on multiple tissues and is essential for 
blastocyst implantation and successful pregnancy. 



Table 1 


Stratification of anti-inf lammatory pathways 


1 


Stratum 


Stratum examples 


Gene disruption leading to excessive inflammation 



1. Anatomical barriers and mter-organ 
communication systems 



2. Mucosal surfaces and innate wound 
responses 



3. PAMP sequestration and 
repair-receptor modification 



4. PAMP signaling 



5. Transcription 



Skm 

Peristaltic flow of the intestines 

Vagus nerve-mediated inhibition of splenic macrophage 

activation 35 

Sentinel innate B cells that suppress endotoxic shock 33 
Cytokine-mediated hematopoiesis 

Mucous-mediated inhibition of TLR signaling 
Extracellular matrix pathways 
Complement activation 
Coagulation cascade 

PAMP sequestration (soluble TLRs, PAMP-binding 
factors) 

Receptor competition 

Signaling cross-talk 

Signal abatement at the membrane 

Sentinel inhibitors (can also be induced or regulated) 

Inhibitors (regulated) 

Phosphatases 

Kinases 

Transcription factors 
Chromatin modification 



6. Post-transcriptional mRNA regulation mRNA destabilization 

MicroRNA 



MUC1 {MucD 32 
CD44 (Cd44) 98 
C5aR (C5arl) 99 
Anti-thrombin III {Serpincl) 100 

Soluble TLR2 and TLR4 (ref. 5) 
SIGIRR (S/g/rr) 101 
CDUb Utgam) 102 

RP105 (Cdi80) 103 , DAP12 (Tyrobp) 10 * 

IRAK-M Urak3) 26 , TAK1 {Map3k7) l0b , CYLD (Cy/d) 106 , Tollip 
[Tollip) l07 t TRAF3 (Traf3) ì08 > 109 

A20 (Tnfaip3) 27 , ABIN1 {Tnipl) 28 - 29 110 , kBa (Nfkbia) 2 * 
DUSP1 (Duspl) 9ììn > n2 

PI3Kp85 (P//C3/7) 113 ' 114 , MSK1 (Ms/ci) 115 , MSK2 (Msk2) us 
STAT3 (Stat3) 77 t IRF4 (//f4) 48 , NFIL3 {NfH3) 8889 , ATF3 (Atf3) 63 
Bcl-6 (Bcl6) 

TTP {Zfp36) 7A9 , HuR (Elavll), AUF1 (Hnrnpd), TIA-1 (77ai) 116 
mlR-146a {Mirl46a) b0 



Translation 



7. Processing and secretion of 
inflammatorv modifiers 



8. Expression of decoy receptors and 
receptor antagonists 
IL-13 decoy receptor 


IL-1 receptor modifiers 


IL-1RA Ullrn), IL I decoy receptor Ullr2) U7 U8 
IL-13 decoy receptor U113r2) 9A 


9. Anti-inflammatory cytokines 


Sentinel or homeostatic 


TGF-p (Tgfbl) 8 




Both sentinel and inducible ^ 


ìl-ÌO (HIO) 9 J 


10. Metabolic regulators 


Global homeostatic mechanisms 






Autophagy 


Atgl6Ll (Atgl611) U9 



Gene deletions that result in enhanced inflammation, categorized by the stratification of the inflammatory 
effects on inflammatory responses; mouse loss-of-function alleles were the main criteria for inclusion here 



pathways. Many othergene deletions have been linked to negative 
, PAMP, pathogen-associated molecular pattern. 
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BIOLOGICA!. EFFECTS OF IL-10 ON LEUKOCYTES 



T lymphocytes 



IL-10R1 




• Inhibition of Thl proliferation 

• Inhibition of Thl type cytokine production 
(IL-12, IFNy) 



• Induction of activated B celi proliferation 



B lymphocytes * Plasma celi differentiation 



IL-10R2 



Neutrophils 



Inhibition of generation and maturation of mono-DC 
Inhibition of expression of costi mulatory molecules 
Inhibition of Thl inflammatory responses 



I 



• Induction of IgA, IgM, and IgG production 



• Suppression of surface MHC class II and 
co-stimulatory molecule expression 

• Suppression of proinflammatory cytokine/ 
chemokine production 

• Inhibition of reactive and nitrogen toxic 
intermediates and prostanoid production 

• Induction of CD64/FcyR-I and CD167 
surface expression 

• Induction of anti-inflammatory molecule 
expression (IL- Ira, sTNFR2, SOCS3) 
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IL-10 is Involved in Differentiation & Function 

of Regulatory T Cells 
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Fig. 1, Expression of IL-10 by regulatory and effector CD4 + T ceils in vivo. In response to specific antigenic slimuli, naive T cells (Tn) differentiaie 
into Thl , Th2, or Thl 7 effector celLs. Besides iheir signature iranscription factors and cytokines, Thl : T-bet and IFN-y, Th2: GATA-3 and IL-4, Th-1 7: 
RORyt and IL- 1 7, ali effector subsets adivate expression of IL-10. In Thl , IL-10 is expressed by T-bel + IFN-y + cells, which is able to suppress Thl 
development and function, bui in some situalions, expression of IL- 1 0 is extinguished over urne. Th2 cells can transition through an IL-4 + IL- 1 0 + stage 
to divergent subsets of IL-10- and IL-4-producing cells, with the latter IL-10 producers suppressing the IL-4 producers lo reinstate immune 
homeoslasis. Thl 7 cells also express IL-10, which can suppress the pathogenic functions of this subset. However, the inhibition of IL-10 and thus 
resloration of effector function can be inhibited by cytokines such as IL-23. Al this lime, il is unclear whelher subsets of Thl and Thl 7 downregulate 
effector cytokines IFN-y and IL- 1 7, respectively, over lime and persisi as Foxp3 — IL- 1 0 + cells, ihereby contributing to the peripheral 'Tri' pool, and if 
so ihe signaling networks controlling this divergence are yet to be elucidated. IL-10 is also upregulated by Foxp3 ~ and Foxp3 + subsets that are 
concentrated in inlestinal tissues. 



- Biological Activities of IL-1 0 






Figure 3 IL-10 regulates the production of downstream factors that 
control many strata of inflammation. A subset of known factors induced 
by IL-10 in a STAT3-dependent way and their known or speculated 
effects on inflammation are presented here. IL-10, via STAT3, also 
induces further IL-10 production in a self-reinforcing loop. The 
production of IL-10 by myeloid cells has been described 24 (and this 
figure was inspired by that report 24 ). 
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Figure 1 Negative regulation of IL-lp production, signaling and 
bioavailability as an example of multitiered anti-inflammatory integration 
IL-lp is inhibited by at least eight interrelated mechanisms, including 
the initial counterregulation of TLR signaling, sustained TTP activity 
c via DUSP1, transcriptional inhibition by IL-10, mRNA processing by 
i TTP and related mRNA-binding proteins (regulated by IL-10), the 
\ type I interferon-mediated inhibition of the NLRP3 inflammasome 96 , 
i regulation of autophagy by Atgl6Ll, autophagy-mediated destruction 
of inflammasomes 97 , and then the signaling and bioavailability of IL-lp 
itself. Additional regulation of IL-lp is discussed in the text. 
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Fig. 1. A schematic of mouse chromosome 1, showing the IL- 1 0 gene and its neighbors. Arrows depict orientation of gene expression. The sizes of 
intervening sequences are designated below. Regulatory elements, such as insulators, enhancers, and silencers, are not shown. 



Human chromosome 1q32: 205.003.805-205.151.265 
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Figure 1 Physical structure of the human IL10 cluster. An alignment of the human and mouse IL-10 related cytokines on chromo- 
some 1q32 is given. Regions with sequence identity of 70% over 100 bp or more are displayed. Intergenic and intronai conserved 
non-coding sequences (CNS) are in pink, exons are in purple and untranslated regions (UTR) are in turquoise. 
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Fig. I. Current view on the cellular sources and targets of the IL-10 family members. 
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Figure 2 IL-10 and IL-20 subfamily surface receptors. IL-10 signals through binding to its heterodimeric receptor, consisting of 
one IL10R1 and one IL10R2 receptor chain. IL-10 receptor activation induces Stati, Stat3 and Stat5. The IL-20 subfamily members 
IL- 1 9, IL-20, and IL-24 ali interact with heterodimeric receptors consisting of an IL-20R1 and one IL20R2 chain. IL-20 and IL-24 prefer- 
entially bind to a receptor complex, consisting of one IL22R1 and an IL-20R2 chain. These receptors induce Stati and Stat3. 
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Table 1. The IL- 1 0-related cytokines 



Member 

IL- 1 9 
IL-20 
IL-22 
IL-24 
IL-26 



Primary celi source 



Monocytes 

Monocytes, keratinocytes 
Tcells, NK cells, Th 1 7 cells 
Monocytes, Th2 cells melanocytes 
Monocytes, memory T cells 



Receptor 



IL-20RI/IL-20R2 

IL-20RI/IL-20R2, IL-22R I /IL-20R2 
IL-22R/IL- I0R2 

IL-20RI/IL-20R2, IL-22RI/IL-20R2 
IL-20RI/IL-20R2 



Biological effect 



Immunoregulatory, skin development 
Inflammation, hematopoiesis, skin development 
Innate immunity, acute-phase responses 
Inflammation, pnoapoptotic, epidermal celi function 
Mucosal and cutaneous immunity 




Table 1 Cellular sources, receptors, transcriptional regulators and biological functions of cytokines in the IL10 cluster. (TF: 
transcription factors). 



Cytokine Cellular source 



Receptors 



TF 



Signaling 



Biological functions 



IL-10 



IL-19 



IL-20 



IL-24 



T lymphocytes, B lymphocytes, 
NK cells, myeloid cells, 
keratinocytes, pleiotropic 
expression by most cells in 
the mammal system 



Myeloid cells, keratinocytes, 
B lymphocytes, synovial 
fibroblasts 

Myeloid cells, keratinocytes 



Monocytes, keratinocytes, 
melanocytes, fibroblasts 
during wound repair, 
T lymphocytes (Th2) 



IL-10R1 /IL-10R2 Myeloid celisi 
Spi , Sp3, 
CREB/ATF 
T lymphocytes: 
Stat3, Stat4, 
Stat5, Notch, 
Ikaros, GATA3, 
AP-1 

APCs: NF-Y, 
c-Maf, NF-kB 
IL-20R1 /IL-20R2 PE1 , AML1 



IL-20R1/IL-20R2, NF-kB 

preferentially 

IL-20R2/IL-22R2 



IL-20R1/IL-20R2, 

preferentially 

IL-20R2/IL-22R2 



Jak1 , Stat3, Statò, 
Socs3, AP-1 (c-Jun) 



Jak1, tyrosine 
kinase 2 (Tyk2), 
Stati, Stat3, Stat5 



Jak1, tyrosine 
kinase 2 (Tyk2), 
Stati, Stat3 
Jak1, tyrosine 
kinase 2 (Tyk2), 
Stat3 



Jak1, tyrosine 
kinase 2 (Tyk2), 
Stati, Stat3 



Immune regulation, 
reduced APC function, 
repression of 
pro-inflammatory 
cytokine expression; 
B lymphocyte, 
mast celi, NK celi 
activation and 
differentiation 

Antibacterial responses, 
tissue remodeling, 
wound healing, 
Antibacterial responses, 
tissue remodeling, 
wound healing, 
angiogenesis, induction 
of pro-inflammatory 
chemokines and 
cytokines 

Antibacterial responses, 
tissue remodeling, 
wound healing, 
anti-tumor effects 



Phenotypes of Mice Deficient in Type I and Type II Cytokines, Their Receptors, JAKs and STATs (Conti 

Normal lymphocyte development and antibody responses. Chronic entercolitis, anemia, and growth 

retardation. Augmented inflammatory responses. 
Increased susceptibility to dextran sulfate sodium-induced colitis, increased accumulation of 

macrophages and production of proinflammatory cytokines and IFNy. 
Increased bone density with defective osteoclast differentiation. 

Anti-TCR stimulation results in elevatd IL-2 and IFNg production, with increased antigen-specific CD4 

and CD8 cells that produce IFNg, but diminished IL-10. 
Increased susceptibility to infection with Citrobacter rodentium, with augmented bacterial burden, 

intestingal epithelial damage, and mortality. 
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Receptors and downstream signaling of IL- 10, IL-22, and IL-28. IL- 10 faniily cytokines primarily acrivate Jak/STAT pathways upc 
binding to their functional receptors. IL-10 and IL-22 mainly signal through STAT3. IL-22R can associate with STAT3 in a 
tyrosine-independent manner. IL-28 and IL-29 activate the ISGF3 (IFN-stimulated gene factor 3) complex. 
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Figure 1 IL-22 protects against extracellular bacteria I pulmonary and enteric infections. Bacteria 
breaching the epithelial barrier stimulate dendritic cells, which in turn activate naive T cells in the locai 
draining lymph nodes. Activated T~h17 cells are recruited to inflamed epithelia, and IL-22 secreted 
both by T H 17 cells and by locai dendritic cells prornotes epithelial repair and secretion of antibacterial 
proteins. IL-17 secreted by T H 17 cells induces epithelial cells to recruit neutrophils, which may also 
aid in removing invading bacteria. 
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Fig. 2. Protective function of IL-22 in IBD. In the intestine» both innate and adaptive immune cellsare capable in making IL-22 in responding to the stimulation of IL-23. NKIike 
:ells and LTi cells are the major innate sources of IL-22. IL-22 induces the expression of various antimicrobial peptides from intestinal epithelial cells. IL-22 also helps the 
egeneration of goblet cells and the production of mucin proteins. In addition, IL-22 promotes the wound healing responses and help to restore the integrity of the epithelial 
ayer. 
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Fig. 1. Pathogenic roleof IL-22 in psoriasis. In psoriasis, IL-23 promotes the production of IL-22 from various Tcell subsets,indudingThl,Thl7,Th22, as well as CD8T cells. IL- 
22 induces many histological features of psoriasis in the epidermis, such as acanthosis, hypogranulosis, and parakeratosis. In additi on, IL-22 also stimulates the expression of 
antimicrobial peptides, chemokines, and proteins involved in wound healing. 



Ad.mda-7 selectively inhibits growth and induces apoptosis in a wide spectrum of 
human cancer cells without affecting normal cells. 



Normal cells 


Cancer cells 


ividiTirndry cpiinciidi cens ^riuivin.L ) 


Dicasi carcinoma 


I rObldlc cpiinclldl Lcllb ^iiUl cv^j 


i robidic Ldrcinorrid 


IVlCldllULy LCD ^iNnuivicij 


IV I CI di 1U1 1 ld 


Droncnidi cpiinciiai cens ^ infide. j 


T unir i Y^t* a r 

Lung cancer 


rcLdi ajiiuLy io n rr\ j 


f^li ohi ^Qtnm^ miiltifnrmp 

vj 1 1 U Ul ci j> L Ul 1 1 et 1 1 1 Ql LI I \Jl 1 1 IC 


Skin fibroblasts (MJ90) 


Osteosarcoma 


Skin fibroblasts (HF) 


Colon carcinoma 


Lung Fibroblasts (NHLF) 


Nasopharyngeal carcinoma 


Endothelial cells (HuVEC) 


Cervical carcinoma 


Ovarian epithelial cells 


Ovarian carcinoma 


Renai epithelial cells 


Renai carcinoma 3 


Mesothelial cells 


Gastric carcinoma 


Hepatocytes 


Hepatocellular carcinoma 


Pancreatic mesenchymal cells 


Pancreatic carcinoma 0 



Melanoma differentiation associated gene-7/interleukin-24 (mda-7/IL-24) is a unique member of the IL- 
IO gene family that display s nearly ubiquitous cancer-specific toxicity, with no harmful effeets toward 
normal cells or tissues. mda-7/IL-24 was cloned from human melanoma cells by differentiation induction 
subtraction hybridization (DISH) and promotes endoplasmic reticulum (ER) stress culminating in 
apoptosis or toxic autophagy in a broad-spectrum of human cancers, when assayed in celi culture, in vivo 
in human tumor xenograft mouse models and in a Phase I clinical trial in patients with advanced cancers. 
This therapeutically active cytokine also induces indirect antitumor activity through inhibition of 
angiogenesis, stimulation of an antitumor immune response, and sensitization of cancer cells to 
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Fig. (2). Schema of the possible associations of IL- 19 in the pathogenesis of several diseases. Keratinocytes produce IL- 19, while IL- 19 increased keratinocyte 
growth factor (KGF) in CD8~ T cells, indicating that a possible interaction between IL- 19 and keratinocyte. IL- 19 increased the production of IL-4, IL-5, and 
IL- 13 in T cells. and IL- 19 ìs related antibody production. IL- 19 decreased the production of infiamma tory cytokines m macrophages, playmg as anti- 
ìnflanimatory c)1okine. 



